SHiCIRLEN 1
i

"APPROVED FOR RELEASE: 07/16/2001 CIA-RDP86-00513R002065220006-8

AT RN ) : : B | B LR ET
104, Diacharge fube for wm_m,mg:m 000,:7.1',_1;{,,‘ SINGERMARN, -
H" KOMSEI;’ 'H_‘E NEKHASQV AND—AE Elsg]mr. J. Tedm.» Phygo Utsbsln.’ 9, 10,
Pp. 883-889, 1939, In Russian, - Using Lenge erd Brasch's ides of aracting e
tube of discs the authors employed discs of micalex and steel alternstely, By |
pasting the discs together with an insulating varniech it becomen possible to erpq
& mnolithic tube of sufficiently good electric and vacwm-caaling qualities. Tt
was shown that the sparking distance $m air of a valve designed for a certain
impulse woltage depends on the form of the electmdes. These litter being of a: -
suitable size the length of the tube is only determined by the lweakdnwn strength

- of the air, Thus a tube with 2 m. betwoen electrodes of the Rogowski' type will: P
stand en impulse woltage of 2 700 GO0 ¥ if there is no gas discharge within the ‘tube,
A gas discharge spoils the potential diistribution in the tube end causes surfaca
leaknges covering portions comprising several elements of the tube, ~ F.B.K,
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of tbe discharge. M. A. Bak, A..S.Zagamian, and 2.5 0m Ry odn the lesith of thi: gup, there is & mip. o

N. N. Nikolaevskays  (Leningrad. Politekh: lust.).
Zhur, Tekb, Fis. 12, rmw(mve.wsu shoet dlischarge
gaps (up to 10 c1n.) the source of elecirons sl Y rays Wiy
dexcribed (Zingenuun asd Kdrsamskil,
C.4 19077} and operating at voltages up to J00G
kv, wpplicd by an lmpulse generztor. 2 clectrodes lot
(3 spheres of 123 mm. dismeter or | sphere) and & Cu
were placed uxtally in the beams o penpendicy-

lar to It at distances of 23 or 167 cm. from tAn Af
window of the tube. Tha rectified voltage o the gup coulid
reach 100 kv.  The twcakdown voltage was coasidered tn
he the vultage corresponding to 8)°, occurrenc: of fis-
charge. The ertor was uppeox. 8%, - For loag tlischarge -
‘gape anothet tube was ued which Is wlo desonibiid in the
above papee and consists of hollow porcelain intulators.
The exit window of the tube served us [ clectrode. { he other
“heing suspenided above it ut distaices up to 100 c1ir, © The
same impulse generntor delivered voltage to tube: {up to
700 kv.) and o the gup (~ 600 kv.). The expt!, results
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Zingerman, A. S, "The d evelopment (jaf voly-second L.haract;.ri'sétlcs Ey the. nebrfoii ofz
oblique waves," Trudy Lem.nvr. polit.akhn.vm—ta J:n. Kalinina, 193;8,
No. 3, p. 115-20, ~ sibliog:. 5 itoms, .
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S0: U-3736, 21 May 53, (Letopis 'Zhurnal 'nykh Statey, Mo, 3}].8, lﬁh‘,?).

APPROVED FOR RELEASE: 07/16/2001 CIA-RDP86-00513R002065220006-8"



"APPROVED FOR RELEASE: 07/16/2001 CIA-RDP86-00513R002065220006-8

R AL Sl A L e R R L N N L

A B UL TEEIR B R8TV T EE VB GEA T HHRAN (A I EIstRe: ) NEN AR TR ] PRI R BRI e DO RS el ﬁH | & IHI"I 1l

o 211ﬂ

Zlnuernan, A. 3. "The volt-second c'humcteriatlcs of core pap< " Prady Lemnu.
politekhn, in-ta im. Kalinina, 1948, Ko. 3, P ]21~25

S0: U=-373G, 21 May 53, (Letopis 'Zhurnal 'nykh Statey, No. 18 1943},
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Zingerman, A, 8., }.(ozyrev, N, A-,windﬁhi’siunaﬁ, D, V. "An id!’éétis_éa'lﬁion:oi“ the .
impluse st_‘,ability: of the sinsulation of robary aléictrical machines,™
Trudy Leningr. politekhan, in-ta im, Kalinlna, 198, io. 3, 'p. 12640,

i
N

50: 1-3736, 21 May 53, (Letopis 'Zhurnal 'rykh Statey, no. 10, 1947).
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Zingerman, A. S. "The degres of reliability of protection irxﬁoltzig& owarloauimj-,"?
Trudy Lerdngr. politekin. li-ta im., Kalinina, 1948, to. 3, p. 163-72,
Bibtieg: 5 items, o P CE
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Category : USSR/Electronics - Gms d.iscbﬂ.rge and Gas-discharge Instnnnenta .

Abs Jour : Ref Zhur - Fizika, Ro‘2, 1957, No 4315

Author Zingerman, A.S. :
Title ' :"ﬁe Role of the lentz. -Jou.le Hea.t :Ln Electric Rroaion of Metals

Orig Pub : Zh, tekbn. fizikl, 1955, 25, No ;I.'l., 1931-191&3 ::

Abstract : The fact that the literature contain.s two a.ppmachee to an expﬂan
' ation of the thermal tature of electric erosion makes it necessary
to investigate the phencmemon further. Asamnim; tha.t the ¢rosd pec-
tion of the discharge chamnel equals the area of the erosion spot on
the electrode, the aubhor calculates the Ientz-Joule heat and coin-
_pares it with the expdrimentel values, finding that this heat does not
play any rolﬁ at all In the erosion in the case of pulses with dura- BRI
tions of 10™* seconds and above. To determine the stage of the dis- S
- charge in which the Lintz-Joule heat can be mticeable, the author @ R
uses the gas-dynsmic theory of the broadening of the' discharge channel.
Thé applicability of this theory is Pirst taste:d. for'amall diaohe.rge
gaps (on the order of 1 micron). One obtaiis 48 & result that the
I.e/mtz—Jcmle heat can lesd to erosion at brief currenl pulses with
: 1/2 - ST ‘ o
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-3 Category : USaR/Electronics - Gas Discharge and Gas-discharge Tnstruments =~ H-7-  [AE
Abs Jour : Ref Zir - Fizika, No 2, 1957, Ho b315 o S

a large electric resigtance at the begmning of the m-oceea (h% in :
time). The volume of the eroded metal améunts to approximately 1 --
2% of the total erosicn produced with a single discharge. It is
indicated that the experimental data obtained by the author are Lq
good agreement with the approximate calculations of B.H. Zolotykh,
based on the phenomencn of the propegation of hedt by Dheat con-
ductance from the discharge chamnel into the volume Of the electrode
metal. Bibliography, 15 titles. ‘
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Feme: ZINGERIAN, A. B.
Dissgrtation: An investigation of the electric breakdown of metals

Degree: Doc Tech Sci :
Doelpnded ofs '
Atsidintiom; Min Higher Bducation USSR, Leningrad Polytachn,.cul Inat
- imeni M. I. Kalininp v
ool caom
BDefense=Duwe, Place: 1956, Leningraqd

Source: Knizhnaya letopis®, No &, 1957
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Category : USSR/Electronics - Gas Discharge a.nd. Qaa-nis"ha.rge Instruments .

Abs Jour : Ref Zhur - Fizika, Ho 1, 1957 Mo 1719

~i Author Zingerman, A S.
"Title : On the Broaddning of the Disc hargé Canal

Orig Pub : Zh. tekhn. fiziki, 1956, 26,‘No lz, 1015’-1020

Abstract : Results are given of an experimental investigation of the dependence of the
diameter of the discharge canal on the eénergy produced in the canal, I‘or '
the case of a very small discharge gaps (1 -- 10 microns) s such as are en~!
tountered in electro-erosion metal working, 'The,dismeter of the diacbalse :
canal is determined by measwring the erosion crater ¢n the surface of the !
electrode. The value of the enprgy was caleulated from the current and’ :
voltage oscillograms. The duration of the voltage pulse applied to the;dis-
charge gap varied from 3.7 x 1072 to 3x10°3 seconds. The ednergy ra.nged :
from 0.1 to L00 Joules. It vas established that the canal b:madens during -
the entire dischapge timé, even in the case of prolonged longu‘ discharges.
The results of thé investigation confirm the hydrodynamic the'.u:ar of the: :
broadening of the discharge cenal, proposed by 8.I. Drabkina (zh. Eksperim i.

teor fiziki, 1951, 21, 473). If much energy is laberated in ‘the discharge |

canal, the electrcdas become pulverized and evaporate, and consequently the
coefficients contained in S.I. Drabkina's equations; will dep.nd on the 8.~
terial of the electrodes. Bibliography, 10 titles.
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: SUBJECT USSR / PHYSICS ' CARD 1 /2 . PA - 1497
AUTHOR SINGERMAN,A.S. o ‘ . :
. TITLE The Influence exercise¢d by the Passage of Heat on the Electric

Erosion of Metals. , ‘
PERTIODICAL  Zurn.techn.fis, 26, fasc.9, 2008-2020 (1956)
Issued: 10 / 1956 reviewed: 10 / 1956

It was the aim of the present work to determine the temperature distribution in
a homogeneous body of infinite meapurements which was heated by & surface heat
gource. The heat emission of this mource is known to be a function of tine. It
is assumed that both electrodes consist of one and the same homogeneous metal,
and the heat dispersion in the layer of the dielectricum between the electrodes
is neglected. At firast the distribution of the temperature in the electrodes is
determined. For this purpose the distribution of temperature for the case that
a heat source exists is sought. (ne then passes on to a surface heat source,
assuming that the surface of the heat source is round. The formula for tempera-
ture is set up for this case, and by putting T equal to the melting temperature
and t equal to the duration of impulse, it is possible to determine the depth ' h
of erosion as a function of T and %. From the diagrams it may be seen that the
size of the surface of the heat source exercises considerable influence omn the
depth of the erosion. Inaxact knowledge of this quantity may lead to grave
errors. In view of the fact that for the purpose of checking theoretical con-.
olusions it is necessary to know the surface of the heat source, and only the
diameter of the erosion can be determined with certainty, it was necessary to:
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find a method for the exact measuring of the same. In order to find the diameter
of the erosion the attempt was made to find out to whet extent i# is larger than
the diameter of the discharge channel. The latter can be determined by meana of
the formula of Drabkina (Zurn.techn.fis, 21, 473 (1951))+ The exporimental vexi-
fication of this formula showed good agreement with experimentnl results. Accord-
ing to the formula, the velocity of the expansion of the discharge channel ex-
ceeds the velocity with which the diameter of the erosion increases by a multiple.
Herefrom it is concluded that the diameter of the erosion is determined by the dia-
meter of the discharge channel and that it cannot be very much larger than the
latter. This was verified by experiments which show that the diameter of the
erosion is not determined by the passage of heat but solely by the cross section
of the discharge channel. Test installations have already been described in a pre-
vious work (Zurn.techn.fiangé,fasc.S (1956)). - Summatizing it may be said that
the melting of the metal is brought about by that heat which comes from the dis-
charge channel of the electrode and therefore is propagated in the metal. . The
depth of the erosion is determined only by the thermal characteristics of the -
metal, the size of the surface of contact between the discharge channel and the
electrode, and by the energy emitted in the discharge channel. The diameter of

the erosion is determined by the oross section of the discharge channel. | '

INSTITUTION: Institute for Cinematographic Eﬁgineers, Lenihgrad;
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PITLE The Dependénics of Prassure on the Front of & Shock Wava on'the :

Steepness of the Front of the Energy Shock on the Occasion of
the Electric Diacharge in a Liquid. o

PERIODICAL  Zurn.techn.fis, 26, fasc.11, 2539-2540 (1956)
Iasued: 12 / 1956 _ oo .

At first some previous works dealing with this problem are mentioned. Vexy ,
often the energy shock occurring on the occasion of a digcharge is of néarly:
triangular shape with a steep front and a flatter rear side. Nothing ' ‘
esgential is changed by replacing the exponential shape of the impulse by

an oblique shape which differs frum it but 8lightly while the total energy of
the energy shock under investigation is congerved, but computation is simpli-
fied and permits the drawing of ocnclusions of a general character. If for ,
the oblique shape of the energy sliock the formula developed by DRABKIB,-Eurn;

eksp.i teor.fis, 21, 473 (1951) 4s¢ used, we find P = (p/'r)(qw).‘/an for the
pressure on the front of the shook wave. Hare Q denotes the density of the .
liquid, W - the total energy of the energy shook per unit of the length of
the channel, T - duration of the energy shock, # = the duration of the
front, 0 = ! T. For the factor B a long expression is explicitly given,

A diagram shows the curve B(t) for four different enargy shocks with the sama
total energy but with different duration of the front. Like in' the case of
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fhe curves of B, also pressure on the front of the shock wave ohanges. !I'he
maximum pressure is Prax = BYe W/ & T. Maximum preasure @:rows with increasing

|
density of the liquid, 1noreasing total energy of the emergy ahuck, and ‘with: - ‘ _
diminishing total duration of the front. The time, after the ‘elapse of lhich Pl
pressure becomes equal to zero, i t = {1 +{/1-@).p denoteu a: coupoaed |

integral function J’\ = ¢ /c y whidh vas found by DBABKIN. In quuida J" AL A 1 .

fers only little from 1, but in the case of . I = 1 the expression for B ‘be- : P
comes indefinite., As indetermination is not sucocessfully discovered, the

value of B at 67" = 1 was determined by extrapolation from the curve B( J‘); : R
it amounts to G,7. , o
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AUTHOR:  Zingermon, A. 8. i - 126-1-9/40

Electroerosion properties of metals, (Elektrberozionnyye;
svoystva metallov), , _

PERIODICAL: Fizika Metallov i Hetallovedeniye, 1957, Vol.5, No.l,

ABSTRACT:

Card 1/5

IR Rt B Y S e H“’i"’"'f‘zil
M TR o A e s o B A T S I TR AR 1T

pp.. 58-67 (USSR)

Electric erosion of metals ls effected by the heat
transmitted from the discharge canal to the mlectrodes,
With increasing energy and pulse duration, the rate of
erosion increases. However, in the case of excessive
pulse durations, the erosion stops owing to a reduction
of the energy density caused by an incraase in the cross
section of the discharge canal, The dependence of the .
critical pulse energy on the critical pulse duration
represents the limit of electric erosiom, The maximum
erosion and its position, the critical aemnergy, the
critical duration, the boundary location and fhe zone of .
predominant erosion depend on the properties of the metals
of both electrodes, the medium and to some eiient on the :
shape of the energy pulse, The thermophysicihl properties
of the metals determine only the relative stability of
the metal against electric erosion the ‘polarity P
coefficient and thereby the beginning of phabe trans-
formations, During electroerosionypittings form on the

i
|

1t :
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Blectroerosion properties of metals, - - 126~1-9/40

electrodes with the shape of ‘a solid of: revolubion, s
The erosion intensity is measured by the volume. of the
pittings., 1In earlier work (Ref,l) the author showed'
that the diameter of the pitting 4 is: equal to the
diameter of the discharge camal and derived a formula
for iv, Eq.(l), p.58, by transforming a formula o
proposed by S. I. Drabkina (Ref,2) expressing the
relation between the diameter of a discharge canal
and the energy liberated by the discharge., This formula -
was verified by a number of experimental results (Ref; 9)
and it was found to express correctly the relation .
between the diameter of the pitting and the pulse energy.
and duration, A formula was also derived for calculating
the depth h of the pitting, Eq.(2), p.59, waich shows
that the depth of the pitting depends not only on the: :
energy and duration of the pulse but also on the diameter
of the pitting; increase in the diameter will result in °
a reduction of the depth., The formula for calculating
the depth is based on the assumption of a uniform
distribution of the energy along the cross gsection of’
the discharge canal and does not take into consideration:
Card 2/5 the widening of the discharge canal during the process
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Electroerosion properties of metals, 1 126-1-9/40 =

of the discharge, However, experiments show that the
error involved is not very large, . The sketch, Fig. 2
shows calculated shapes of pittings, taking into
consideration the widening of the dlscharge c¢anal, for
steel and copper and it can be seen that the calculated
shapes are in good agreement with exparimenteally
determined shapes, The volume of the pitting depends

on the full heat energy of the pulse and/lté duration,
The author calculates the critical energy density Wk
and the limits of electroerosion, Accoxrding to .
theoretical considerations, the limit values of electro-.
erosion are not determined by a line but by a band ‘
representing the sum of lines, each of which corresponds.
to a certain erosion probabillty, whereby the top limit
line correspondg to a probability of 100%, i.e. a pulse
of the given energy and duration will always produce .
erodion; the bottom limit line corrasponds Lo zero
probability. In Flg.7 experimental curves are graphed
for steel aqd copper with a brass counter electrode,

The experiments showed that for pulse durations of

400 psecs the eroslion of steel with a brass counter- .
electrode inside glycerine decreases with decreasing -
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Electroerosion properties of metals, ‘ 125~1-9/40

full pulse energy., For a pulse energy of 0.25 Joule, .
erosion stops. The stability of metals against erosion -
depends on a number of factors which are discussed in
the paper including counter-electrode, operabing medium,
pulse duration, etc, In the case of small pulse energies,
it is the anode which is predominantly eroded, whilst
in the case of large pulse energies, it is primarily the
cathode which is eroded. It was established theoretically
and by experiments that zones of preferential erosion
exist., A formula is derived which expresses the ratio
of the time required for setting in of melting or
evaporation of the cathode and the anode ‘and. this
formula enables determination of the electrode which will
first be affected by phase transformations,. In the final
paragraph of the paper the conditions are discussed for
which the derived formulae are applicable, The obtained
results seem to justify the assumption that there are
no limits to the validity of the arrived at practical.

Card 4/5 conclusions, P ,
There are 7 figures, 1 table and 9 references, all of
which are Slavic, ' :

SUBMITTED: Dec.6, 1955 (initially), May 25,1956 (after revision)
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Blectroerosion properties of metals, : ©126-1-9/40

ASSOCIATION: Leningrad Institute of Cinema Oi’i'%cials.

(Leningradskiy Institut Kinoinzhener y);

AVATLABLE: Library of Congress, \
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i LUTHORS: Zingerman, A.S. and Kaplan, D.A. o 121-4-5/32 -

TITIL: Investigation of the Power Silpply for Eléctric‘ Spark P i
Machkines (Issledovaniye ustqchnika pitaniya elektroisgpqukh o

stankov) ‘ S S DAl e
PERIODICAL: Stanki i Instrument, 1958, No.4, pp. W - 15 (ussr). - §
APSTRACT: Oscillegraphic records were talken in éxamining the | |

operation of the impulse generator of the resistance-capacitance
type feeding an NKa-18 electric spark machine, 12 mm diapeter
brass electrodes were used with paraffin as the liquid medium.
The discharge current and vcltage between electrodes were: ' |
recorded at different values of the capacitance between 1.5 and
210 microfarads. The velues of the current peak, the duration
cf the impulse and the energy discharged during the first half-
wave are stated in the table ang plotted in the graph. The
study revealed a large scatter of the voltage and tke energy
discharge czused by a premature breakdown of the electrode gap.
The actual working process (duration of impulse) takes only 10
of the total time (100 psec. in a 1 millisee. cycle). The
reasons for the scatter are a low de-ionisation rate, the
presence of erosion products in the gap and the fbnmation;df
inter-electrode bridges. A simple partial remedy is filtration
of the liquid. There are 2 figures, 1 table and 3 Russian |
references. : : ’ '

AVAILABIE: Library of Congress :

Cardl 1. Impulse generators-Power supply .

1l i ! i e H ! 1 N iqems
T e 1313 R 5 . e NS B ISR FEteen e dl) e A ER 0 o w I
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AUTHORS:

TITLE:

ABSTRACT:

Card 1/3

~7 - v'
Al INGERMAN, A S

PERIODICAL:

i HI! AHEERIL

57-2-26/32

Zingerman, A. S. , ¥aplan, D. A. : , ~§

e -

The Dependence of the Electric Erssion Of the: Anode on the
Diatance Between the Electrodes (Zavisinpst!' ulektrlccml'by
erozii anoda ot rmoestoyaniya nezhdu ulek*todani)

Zhurnal Tekhnicheskoy Miciki, 1958, Vol.iﬁs, Vl 2, PP 307 395
(ussr)

PhHe tests performed here were conducted ir the apparatus de<
geribed in refercnce 2. Baged on them ths follewing was de-
termined: 1) An increase in the distance between the eleotrodes
causess a) an increase in the energy daveloped in the dis-
charge between the aluminum-, copper- and stesl-electrodes;i.
the increasc in energy becomes observable in distances af

nore than 75 - 1€0 JIE b) an increade in the cavltymdiarueter

n aluminun, copyer and steel, 2.) An increase in the distance
between the electrodes up to 75 - 100 d0°s not couse a change
in the cavity depth in aluminun, coppar, steel and brass.

Upon further increase in this distance the oavlty dcpth very
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of the Electrie Erosion of the Anode mt tm Dir;t.anr'c lmtuarn
B . lh.

highly decreases in all above—mentioned metals. 3.) 1he cavz-_ LT
ty volume in aluminum, copper and steel increase with an 1nvreaﬂa‘:f,
ge in the interelectrode-~distance to & ourtqwn maximum vnlua
which is attained at a distance of V0O -~ 250 M. At a crhé.ter
distance the cavity volume begins to deqreasu. 4s) The c;vxty
volune in soft metalo i smaller than that in fused motala.
With an increase in the interelectrode~distam ¢ the valume of
the condensed mefal which isg transferred fron the oppoaite;
electrode also increases. %.) The energy libérated in the dis-
charge-channel bétween the brass-clectrodes dogs not change
at an interelectirrode~distance of below 100)z;vﬁmre the: cavi-
ty depth does nofi change either. 6.) A decrease in the cavity
depth and its volume &t an intﬂrelectrode«di¢tmnce of more;
than 100 m may be explained by the loss of erergy in the dis~
charge-channel. I.) ‘The loss of energy in the discharge~chen-
nel at a length of the channel of below: 100)1 i~ not high and -
anounts to 1 - 11 %, At a greater distance the losses of ener-
gy rapidly incresase and at a distance bstween steel- electrodes
od)OO the energy trans ferred by the electrodes can be: evalu-
ated with 25 - 35 % of the full pulse-emergy, B.) At an inter-
electrode~distarc ¢ of below 100}11#& sfrucuure of the dis—
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: o 57-2.26/32
- The Dependence of the Electric Erosion of the Anode on the Diatance Betwcen
the Electrodes . S : :

charge-channel is apparently little dependent or the length
of the channel. At a greater distanae the. structure of thn

channel, like the phenomona tuking place in 1t, changes to
- & considerable extent., There are 9 figures, 1 table, T

references, 5 of which are Slavic, : : s

SUBMITTED: May 16, 1957

AVAILABLE: Library of Congress

1. Anodes-Erosion 2, Anodes~Cavitation 3, Anodes-Test inéthods
L. Anodes~Test results o : S S
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4 AUTHORS; Zingerman, A. S., Kaplan, Df. Ao : | 57-%2!3*5*-22/323?‘

TITLE: On Fluctuations in a Discharge Channel (0 Fluktuatsiyakh|
’ v razryadnom kanale) - : S A o

PERIODICAL:  Zhurnal Tekhnicheskoy Fiziki, 1958, Vol. 28, Hir 6,
pp. 1267 - 1274 (USSR) o R

- of jags on the current oscillograms indicetes a:sudden changs.

- ABSTRACT: The presence . of Jags on the;voltage. oacil%i'ogré.;m;and a lé.ék

lar and of different height, the change of voltige has the cha~
racter of a fluctuation, Elezentary .phenozena ciuging breakddwns
over long gaps bedome insignificant in brdakdown procestes
taking place over very short gaps. The baaic eondition of _
breakdown is the non-stnble:devalopment'qiithe?ﬁrdceeu,jmhich
requires an ever- increasing reduction ofi the initial electrons .
(Reference 4 and &), Ordinar¥y secondary procesipes cannot warrant
an effective reduction of initial electrong., Therefore the
character of primary as well as of secondnry prdcesses must :
differ in the case of very ghort gaps. Whet hen been said abdaut
Card 1/3 breakdown ~ the initial stage of electric discharge - is ‘trug

of resistance in the discharge channel. As the jags are irreju-
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"On Fluctuations in a Discharge Channel = . . 57-28-6-22/341 !

also for the arc -itself, The suggested mechanisn of a vexy i
short arc has been experimentally confirred. The process of
cold emission is of a statistical nature. The bﬁatimtical chdr-
acter is even more stressed by the influence exercised by po<
sitive ions. Thus, the arc mechanisn suggested by Germer and
Haworfh is statistic. This form of statistios mnnifests itself

in the shape of a considerable fluctuation of vultage. According
to the arc mechanism the fluctuation iz camused Wy the procesdes
on the cathode, which fact was confirmed experinentally. As !
the work function depends more or less dn.the'bgthode mgterigl
and on the nonconductive film on its aurface, fluctuation nust
also depend on the material of the cathode. In: the case of |
strong currents the section of the channel chznges. If emission
from a part of the cathode decreases, it increasses in anothex
part, and the average state -of the discharge channel ig gub- .
jected to slight deviations. This cauges the voltaze curve to
be balanced. There are 1o figures and 19 references, 6 of which
are Soviet, » : o oo S
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ASSOCIATION:

SUBMITTED:
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Leningradskiy institut kinoinzhenorov (Lenimrrad Inati.tute:
of Cinemntographical Engineers) :

i i

July 1, 1957

1, Electric diecharges--Thoory 2. Blectric disolaarge’s--
Statistical analysis 3, Cathodeq--Proper'Lies e Work
functions P
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zxmmm. A.5,; KAPLAN, D.A.

Investigating supply scurces of electric spark m;achinas‘. St | o
instr, 29 no.4:14-15 Ap '58, : (:&iuss)
(Metal cutting, llectric) o
- (Oseillators, maccrie)
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Volune of fusad metal dluring aloctric errosion. .V!.z. tvmr. tela
1 no.2:284-289 ¥ 159,  (MX3A 12:5)
{Corrosion ard anucorroaives) (Blectric dischargea)
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AUTHORS:

TITLE:

Zingerman, 4.8, (Cand. Teqh ngilhg 57 12/17 80 of
arman,; .7 (Can @n ¢l,, Dicent; in Char of
tHe Chalr of Eleatr o~Tenhnnlog1) and Livshi t5, A, L.fﬂ .
(Cand. Tach, 8¢i., Director of tne LaLoratory for
Electrical Methods of Machining) 3 L

Oon *he Prysical Nature ot Elecuiomarosioh Mach*ningﬁéf

Mota

PERIODICALS Tzvastiya "ys shikh uuheﬂaykn aavuﬁan*v.

Eleifromekhanika, 1959, Nr 7, pp 78~95 (ﬁSSR)

ABSTRACT: Electric erosion is a complicatad prenumerdgn which dépends

1] H !Hﬁ"ll" 'E 73 FI‘H l ’_I!T!T(Tl
NG B AR R TS

o a mumber of facfors, of which the 3hapa :of the energy .
Filse fed to the discharga gap & the mest important, By
changing the shape of this pulse 1% Ls poadibie to nhange
considerably the quantitative and uhe vualuuagiVe SRR
ppanomena of slectria erosion, It 1s dus to this facto“
that a great variety of eleabro.e; nuiJh procasses of
maehlnlng are usel and it i3 glso Mue to this factor that
during the last seven - eilgh® years the gvoductlvity of
electra-srosion mﬂckining hag 1rﬂxea~ed very appreoiablv
ani the Iate of wear of the tools hes }rupped to a small
fraction of what it was before (Ref 2)., Eieatric pulse
(P4156 -arce) mackining of metals, propo"ed in 1950 by one
of the authcrs of this papsr (Ref 1) bmSﬂd on ax¢

I i E-M NN
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On the Physical Nature of Elestro~erosion Machining of Metals S
_ discharges produced by unipolar pulses of ensrgy of f
relatively long duration, enabled inereasing the L .
productivity by a factor of about 10 ag compared to that ° - .
obtained with electric spark methods. Further: development
of electro-erosicn machining and of new, more perfect . :
variants of this type of machining, is olosely linked with
the study of the physical nature of elachric erosion and 1
of the processes accampanying thls phenamenon, In this |
paper the authors review the bresent state of the s |
development of theories and view of Soviet as well as of
forelgn authors on the physieca: phencmena. of electro- . e
erosion. In the first part the thecretical views, P :
expressed by mimerons authows, are dissussec. In the }
Second part available experimental date are reviewed - |
under the following headingss: applied tast h?uhniques;v :
relation between the energy transmitiod to the electrodes
and that released in the discharge canali influsnce of |
the pulse energy on the diameter anc the depth of the @ 1
broduced cavity; influence of the Puise: energy on electro~ ‘
erosion; influence. of the electrode spating cn the I
Card 2/%4 magnitude of the erosion; influence of fhe dielectric - i
|

msdium on the electro-erosion; influenca of the electrode
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Pressures on the eleutindesy
formation of savities,.
that the avallanle experimential dats are:
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wrulating ‘data and

evolving a theory
Further systematio
fiscessary for verifying and soo
85%arlishing empirical velations of
svolving a technological nianry of &
machining of metals it is Lazesgary
nore simple phenomeron ueing a singl:
to technologiosl wondihi
by puvely arithmetical adding up of
necessary to elucidate kHns 1elations hatwesn the
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rhysical and chemical factovs may nab
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On the Physical Nature of Electro-erosion Maehiﬁi%g/ éjf‘gdl{{i?talsvg S
Development of the physical theory of el acin. N
| eory of ‘eleciro-~eros: |
glgl%'hthi f%rst Step in developing phyS’i'cal'fungageégglg%
@ technology of electro-arosion machining of metals.

There are 53 references of wl 1
Yo 1l Sat
Card %/% 13 English, 3 German, 3 Polish r\ahncil3f;. (?:fgcl?onet’
ASSOCIATIONS ggggggzrg%eggﬁoiékh?igi,.Lenihgradékiy:1ns£1tﬁc§ﬁiné-
air o: ectro-Technology, Li gd

Institute_of Cine-Engineers) (24, b O?-};’zx&L?ningl:s?g
%i:ggi:grlyafalektriehgskikh metodov obrabotki, ENIMS

(Livaﬁlta?ry or Electr;cal‘Methodeqf Magnining€3NIMs)

SUBMITTED: November 24, 19538
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AUTHOR:  Ziggerian, Avefiss Ocndidate of Technical Sciences q§
TITIE: The Thermal Theory of Electrical Erosion. of Metils b

PERIODICAL: Izvestiya vysshikh uchebnykh zavedeniy, . -
Elektromekhanika,:l9§0, Nr 5, 'pp 87-98 (UQSR)‘ﬁ? :

ABSTRACT: The opinion was expressed about fifty yesrs agp that
thermal brocesses at the electrodes are amongst the :
main factors in the electrical erosion of ‘metals, Later
studies with the electron microscope and hy X-ray S
structural analysis revealed structural ¢hanges in the
metal that could be explained by the action of s heat
wave with very steep front and’ strong damping, . In :
developing the thermal theory of the electirical erosion |
of metals it is necessary to cbnsider.possibleisourCesg,
of heat and their effects., One such gsource of heat is
the electric current passing through the electrodes,

On this basis, calculations may be made ofi the ;volume
of metal raised to melting point and it hat bean found -
that only in metals with high electrical resistance can |
melting occur by simple resistive heating and then only .
Card 1/9 in the early stages of dischar L></
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The Thermal Theory of Electrical Erosion of Metals. '@ 1. -
Thus heat generated in the electrode by it’s internal
resistance plays a very small part.inzthé;@rocéSS“ ~ The
discharge channel itself could be a. second ‘source ‘of |
heat, Heat from the channel passes to the ele¢trode in
contact with it; the'metal is: gradually heated and- | :
melted, The metal migtht be removed either instantaneously
at the end of the discharge of continuously as it is - |
melted. In the first of these;hypothesesgjthe;sgurce .
of heat is a surface that is relatively small compared .
with an electrode, Tu determine the volumi- of :the molten
metal it is necessary to calculate the temperature field! :
in the electrode, for which purpose it isimnly:pecessaryj,’g'
to know the energy density transmitted to the q1ectroda{§ ‘
as a function of time, 7This function may be determined '
by taking oscillographs of discharge voltage and current.
Tests have shown that the amount of energy transiitted '
to the electrodes depends on the distancenbetweeﬁ them, : | -
~ and when the separation is 5, 25, 50, 100 and 500 micronsg
the respective percentages of the evolved énergy -trans-. | =
mitted to the electrodes are 99, 95, 93, 89 and. ¥5 to 354, :
Card 2/9 The distribution of energy between anode and cakhode 'LA(?
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' depends on the time, hut as it is.
is assumed to be equal
are equivalent to cale

a semi-infinite medium
heat-source of given 1a

ulating the

and the temperature di
expression (1),
which the metal i
(2) is derived,
unlimited dimensions;
equation (3), must be u
limited source, - Nuneri
are given in Table 1,
to give the electrode g
of expression (6). Th
‘not take account of the
physical coefficients (23
Nor do they allow for #he

Card 3/9 condition of the mater
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The Thermal Theory of Electricai Erosionfbf'uetélsl§

broperties or for the heat required to melt the metal, s

An accurate solution dllowing for thege factors and for
changes in the surface temperature of the electrodeg S
during the process ofjdischarge is very difficult, There~
fore, Possible errors of an approximate solution are

o -

energy loss due to the latent heat of fusion nay be -
allowed for by introducing an equivalent negative source .
of heat located on the boundary between the mol%en and
solid metal and moving together with it, The negative :
temperature field of this heat source is superinposed on |
the temperature field due to the main gource., Ir the P
case when the plane surface of ?bhe_semi—,infinitgtﬁbody,isfE s
at constant temperaturs the problem is then{unifdimensional :
and the total temperature field is given by expression (9a)
for the liquid phase and (9b) for the $0lid phage, In
these equations B 1is a factor that governs the position

of the boundary between the goliq and liquid phasés; it

may be determined from Eq (10). Another method ‘of locating
the bounda ] ; : :

i

I
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The Thermal Theory of Electrical Erosion of Metals

allowance fer the specific.heat of fusion,|if the melting |
point is replaced by an equivalent melting point given by
expression (14). Values of B for steel,’ aluminium and !
zinc as function of temperature are plotted in Fig 1, C
In this way the latent heat of fusion may be allnwed for,

but no allowance ig made for changes in the thermal- -
physical properties of the metal, The method OT‘conjugate

solutions may be used; it requires two soiutiohm of

which satisfy the appropriate conditiong on the lioundary :
of separation, with allowance for the apecific heat of
fusion, The solution nf a similar problem lof the dis-
placement of the boundary between phases~ddringgj o
solidification of g semi—infinite.body at constant .
temperature was given by Stefan, His formulae, teuitably
modified, give expression (16a) for the temperature :
distribution of the ligquid phase and (16b) for the solid .
phase, Eq (17) is then simply derived, which, together .
with formula (7), can he used to determine the position ;
Card 5/9 of the phasge boundary, Curves of the tempergtuge p)(/,

F
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- The Thermal Theory orrElectricaizErosionidfjmetalsi;h

distribution of steel and aluminium usingifﬁrmml&ei(IG)éﬂ
and (8) are plotted in Fig 2, ‘The:graph'sndWS'mmatfif the
relationship between the thermal-physical=coeffaaients P
and the aggregate conditions is neglected tihe resulting .
error is appreciable, Fig 3 gives curves of tenperature
distribution in steel at & temperature of 20000, and in
aluminium at a temperature of 2500°C, caldulatad by
formulae (7) and (8). It will be seen that the uss of
formula (8) to determine the depth of molten metal
involves no great error if the thermal.condhctivity uged @ .
is that for liquid metal, The error is apprecigbly greator .
if the whole metal is éssumed to have a thermalgcbnductivityj
corresponding to the selid state, - Formulae:! are derived I
- which show that thig error depends on the thermal-physical
broperties of the nmetal and its surface temperatupe;-the:¢
error is quite small at temperatures up to' 10 000%C, not |
exceeding 2 to 6% for steel, and 1 to 3% For aluminium,
Thus the depth of melting can be determinedﬁreaabmably o
accurately when the .source is of limited dimensions,: Tn all ‘the :
calculations the mean values ofithermal-phyéicalgpr
Card 6/9 of metal given in Table 2 were used, The the

CIA-RDP86-00513R002065220006-8"
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 The Thermal Theory of Electricél_Erosion%of Metals R
’ ' With continuous removal of metal is then considered, If

oint, the temperature distribution 18 given by formula :
%l)q If the molten metal is. then removed the electrode |
temperature changes, If the origin'of3thefcoordinates is
located on the electrode surface it is digplaced asg the
molten metal is removed, Assune  that the electrode is
infinite, the thickness of the layer of molten debal
small and the electrode surface?temperature;conStant-

Y.

electrodes is displaced without change together with the
origin of coordinates, .Thus the.energyrbramsmitt@d.to

The electrode through each unit of its surfa
in melting metal and heating the electrode;ﬁ‘Theimnergy L
balance is then given by expression (21), - The solution |
of this equation is obtained in ‘the form of expression (22

which gives the depth of metal melted, - Deptls of-meltingfi

‘under particular conditiong for :steel and aluminium :
calculated by formulae (22) and (2) are given in Table 3, .

¢ Current calculations are also given, The table shows that
Card 7/9 +the calculated depth of melting is somewhat igreater if it |
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The Thermal Pheory of Electricsl Erosion of Metals <

1s assumed that the molten metal ias continvously removed, |

There is a third mechanism by which metal&ﬁmay}ge:removedoi
If the electrode receives a short highwenergy,impulse, o
all the metal in & certain volume is vapouriseid and . .
removed as a jet of vapour. The theory,or-thiS»mechanism .
is based on the idea of a volume in which' the ratio of &=
received to transmitted.energy is very great. The enexrgy
leaves the volume mainly by radiation and ‘conduction, ¢ |
and radiation from molten metal is less than that of an
absolute black body by a factor of 53o0or 4, Itiis shown '
that the amount of energy radiated is an inconsiderable - |
part of that received and the logs .of energy by conduction ;
may be calculated by expression (25),. Various expressions
are derived, on the assunption that the enargy i removed P
by conductivity is rabher less than the ennrgy received:!
expressions (29) and {30) give: the conditions of explosive
vapourisation. They show that for a giv n§duration of ..
impulse, explosive vapourisation occurs if: the lenergy
density of the impulse satisfies expression (30); then. .
the depth of molten metal may be calculated. from vy

Card 8/9 expression (29), " The theory of explosi

ve Vapourisation:
HE . Co

e
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. The Thermal Theory of Electrical Erosion of Metals !~ @ C EQ
is somewhat idealised., It agsumes that the whole' of the
volume is uniformly heated to the vapourigation tempera-
‘ture, whereas in fact the temperature distiribution is |
not uniform and part of the metal is heatdd to '« higher |
temperature, whilst some remains colder, :The vapour
leaves the molten metal at a certain initial speed and
nay carry part of the liquid metal with it, It is not . |
possible to calculate these effects, but the high speeds
sometimes observed with explosive vapourigation probably
result from a combination of the various effects, . There
are 4 figures, 3 tables and 11 references,; 8 of which !
are. Soviet, 1 Russian apparently translated from

English and 2 German., o o £

ASSOCIATION: Ieningradskiy institut kinoinzhenerov - -
) (Leningrad Institute of Cinematograph Engineers). -
- SUBMITTED: October 21, 1959 A s

ft_ Card 9/9
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ZINGERMAN A.S, .

it ;um-‘-..-t.h-

Formation of erys talline gr:»p"xite .in an alec : :
trfc arc bu.m
mineral oil, Izv. Vys. uchebs zave; L1z, no .5:17‘3-174 - 163, ’MIRA 1«3:12)

1. Leningradskiy institit kinoinzh’enerov.
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(Rlsctric discharges)

T!he mchaniam underlyiq ectri |
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(Electric discharges)
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AUTHOR: :Zlngerman,,A.s., Candidaté of Teclinical Séiences, Docentji

TITLE: Investigating the pracess of ejection of metaliin électricali
erosion :‘ ;

PERIODICAL: zvestiya vyashikh uchebnykh zavedeniye ‘Elektfmmekhanikag
' no. 1, 1962, 99-100 :

TEXT Electrical erosion of malal was investigatod exﬁeximentally by
applying unipolar pulse discharges of duration of B to 20 w/88C . between

a graphite rod electrode and a plate made of ateel, copper,ialuminum or
graphite. The discharge was produced in air or in oils’ High-wpeod;hoto—
graphs of the discharge were taken. These showed tha‘t_remoyral of the. /
metal from the cathode begina with explosive evaporation; the latter took
place with jnterruptions during the whole period of the discharge. The 94/,
explosive evaporation ly on the energy of the
pulse. No explasive evaporat ed on the anode « Ejection of
particles from the electrodes heg ubstantial difference
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Investigating the process oee D224/D3Q1v S S

in ejection from the cathode and the anode was noticed. From steel th@f
particles were ejected in a continuous flow in allrdire@tionﬁ. From
copper md aluminum the particles were.  ejected in intermittent beams im : |
random directions, the number of particles being smaller than in previous
case, but their size larger. This may be explained by different degrees

of nonuniformity of structure of metals, and by the premence of areas with
different thermo-physical properties affecting the monatonic. distribution

of the temperature field. It is states that the formation of cavities

is due to consecutive randem ejactions of metal particles. If the energy -
of the pulse is small the cavities do not overlap and are scatitered over /k/

some area. Hypothesea of other authors are discussed and stated to ba
unsatisfactory. There are 13 roferences; 11 Soviet-blec and i non-Soviel
blec., The references to the English~language publications read as fole
lows; J.M. Somerville and W.R, Bievin, Phya.Rev., 76, 982, 19463 JoMo -
Somerville and C.T. Graingery Birite J.Apple Phys., 7, 109, 100, 1966,
ASSOCIATION: Leningradskiy ingtitut kinoinzhenerov, Kafedra elektrotekh-~

niki {Leningrad; [nstitute of Cine Enginddrs,;Dophrtment;

of Electrical Englneering) = ; IR i
Card 2/3
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" Hear of electrode tools made of a e |
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(Blsctric metal cutting) ( e 6)
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1. Ieningradskiy inatitmt kinoinslmmerov. !
(El.ectric arc)
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AUTHORS Zingerman, A.S., Livshlts, A, L., and Aronov, A, 1.
4ingerman, a.o.

TITLE: . Wear of graphitized toul-electrodes in electrospark machining of
metals

PERIODICAL: Stanki i instrument, no'é 1961, 20-22‘

TEXT: Electrodes of special gx-aphinized materia; 3 (EEG) were: tested in et~
periments on a "473" electrospark michine. EAbstracter's note: No; information on .
the composition and of the EEG and the production technology of the electrodes is !
included|. The material is now being mass-preduced. Maxinum relative wear {or i \
consumption of the electrode in relation to the volume of remaved metal) of EEG
electrodes is about 2,5% in the center and 0.1-0.5% at the periphery, co'uparod

with 80-100% of old tool-electrodes, - 0il (industrial *12t grade) pumped at a
pressure of 0.5 gauge atmospheres into the spark gap reduced: wear to a minimum,

wear decreased with longer electric pulses (‘l’able 25) 4

Work current, amps Pulse duration in microsegondsg
9(_)0 415 -1 170 120 75
5 Wear (%) 0:13 043 ) 0n3 0‘3 D 107 !
" . 2. » ; . '
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Wear of graphitized tool-electrodes ...... - Doo/p112 - - b

The erosion resistance corresponded to Palatnik's criterion. (Refu Palatnik; LS.,
"Doklady AN SSSR", t ., 89, 1953, str.;55; Ref.5: Zingerman, A.S., Fizika metallov
i metallovedeniye, t. V, 1957, eatr.sssg } Lo R

[7 =c'y )\ Ti 1 : : g ;
where ¢ is heat capacity, J - density; A - heat conduction; T, ~ reduced melt- |
ing temperature (taking into account the latent fusion heat). ﬁEG had 5-30 times -
bigher erosion resistance than metals. Five times more metal wag removed in the :
work grocess by using inverse polarity (workpiesce for cathoda, tool-electrode for '
ancde) than with direct, and cathode wear was practically abdent when single ‘pulses
were used. Transfer of metal from the workpisce was by splatter with droplets
mwuck less than 1 micron in size. Aluminum was not transferred to the graphitized
cathode, and copper and steel only slightly, but the transfer of copper and gteel
to the anode was intense. No carbon was transferred from the eleetrode to the
workplece. This is due to the vaporous state of graphite during the electric dis-
charges. The combinations of anode-graphitized material, and steslcathode are
zocd, for metal strengthens the eledrode but does not absorb carboni = A fresh car~
bon layer liberated from oil continuelly restored the electrade supface. It was
pxamined (by L.S. Palatnik) by X-ray analysis and found to be crystalline graphite.

Card 2/3 '
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Wear of graphitized tool-electrodes teeras D°4°/D112 o Rt

No graphite layer formed when the oil was replaced by inorganic fliid. This car-:
bon stuck very firmly to the EEG and its mechaniocal strength ‘was much higher than
that of the EEG. _ The approximate formula for the rate of carbon formation is:

= 0,33 + 10-10(1-1100)3 micron/millisecond, _ o
where T is the electrode temperature (in °C) in the work zone. The carbon forms :
from oil particularly intensely in an arc, and 4 times faster on the cathode than !
on the anode (0.33 micron/millisecond on the anode). The layer fills the gap: v
rapldly and causes a short circuit, The mechanical strength:and porosity affdcted
wear - 8 times lowsr mechanical strength was accompanied by 21 times more rapid .
wear. Conclusions: Two opposite processes are acting in eleotrospnrk'maohining :
with EEG - disintegration and restoration. . The restored layer is saveral microns
deep and has much higher mechanical strength and erosion regigtance than the bage
material. The rate of disintegration and restoration depends on tiie power,dura-
tion and duty factor reciprocal of the pulses, the worked surface area and depth :
of removed metal, pressure on pumped fluid, and other factors, Electrode wear: can
vary between 0.1 and 2.5%. When the combination of operation factors ia corratt,
wear of EEG electrode tools on steel is between:0.3 and 0.8%,  In some cases it is

even pogsible that the rate of restoration is higher than that of disintegration.
There are 4 tables and 6 Soviet-bloc references. ; : :
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Shape of the craters: px'oduoed by élect?ic ar AR
osiak of M o
Trudy LIKI no. 5:82-90 ‘59. : : : Ei. O(Mnlt;:.ai; 12) .

1. Kafedra elektrotekhniki Innlngradekogo 1netituta ktnoinzhenerov
(Eleceric netal cutting)

»
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AUTHORS . zapgermanesdes  and Kaplan, 0.4 }

TITLE: Discharge Voltasélof a Shdrt Pul sed Arc

PERYODICAL: Izvestiya vysshikh uchebnykh zavedeni}, Fizika,
1960, No.6, pp,165-166 )

TEXT: The aim of the present work was to inv&atigate;the effect
of electrode material and the medium between the ¢lectrodes on the
magnitude of the discharge voltage ‘The apparatus used in ' '

these experiments and the method employed were describud by ;
A.S.Zingerman in Ref .1, Alil the experiments waré carvied out |
with 320 uwF capacitors and a voltage of 1000 Vv  oOpe of the ;
electrodes was in the form of a plate (45 x 35 x 1.5 wm) and thel
other in the form of a rod having a diamoter of 3 %0 5 am,  One
end of the rod was hemispherigal The electrodes word polished
to “Clasg 13 purityy, A constant gap of 8§ was maintained
between the electrodes Two groups of eXxperimenis were carried
out In the first group, tha effect of the medium wag

| investigated, In these experiments brass or Steel elactrodes
Card 1/4 | S
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EO32/EkLY

Discharge Voltage of a Short Pulted'Arc

weres employed and the plane mlactrode was alwaya at a. pﬂsltlveg'
potentisl . In the second group of experimenis, a study wa 4 :
made of the effect of the material of the electrudesl “In these
experiments ordinary solar oil was used as the medium between | |
the electrodes. Four series of exporiments were carried out iin-
this group In the farat two of these the planw clogtinode was
made of brass and was kept positi g in the first series and negative |
in the second, In the third and fourth series af experiments,
the plane electrode was made of steel and was aluo either at a
positive or a negative potential. In thess sxpariments the rod
wlectrode was of various materials, namely steel, aluminium, @
copper. brass or molybdenum. Only the voltags anulllngran% S
were taken since 1t was established earlier that neither the |
material of ths elsctrodes nor the medium ba&wwtn thwm ‘have duy
effect on the form of the current curve or its amplitude, The
current oscillogram had the foliowing form: the current rose to
s maximum of 1920 amps in 300 4 sec and its valus was 7% of the
amplitude value in 300 sec .. The valtage osclllograma nbta\ued
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Discharge Voltage of ‘a Short Puleed Arc

. with brass elsctrodes and water, castor olil, glycerlnee transformar
oil, liquid glass, water solution of borax and boric acid, :
kerosene and air as the media did not differ from eaqh other
either in form or in magnitude, The same result was obtaineid.
with steel alectrodes and the above media. Thus the magnituds
of the discharge voltage and the energy dissipated in the
dischargs channsal are independent of the nature of the medfum: in
which the discharge takea place, With given anode material it
was found that the form and the magnitiude of the discharge =
voltage are strongly dependent on the cathode maierial, Thuai
for example, with a steel cathode the voltage is 1.5 to 1,8 times .
greater than thaot with a brass cathode. With givan cathode @ |
material, the oscillograms are not wery differeni from each other
whatewer the anode material, The general conclusion is,
therefore, that the discharge voltage of a short pulsed arc 1u
very dependent on ths cathode material and to a much lesser

2xtent on the anode material. The medium betwepn the
electrodes has no effect on the form and magnxtude of ihe
Card 3/4
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g¢ and this avggests thgt the digchargéitakas
Place in the vapours of the mlectrode

_ ‘materials, and mostly in .
the vapour of the tathode haterial. There are 2 figures and ;
1 Soviet reference, : ‘ : : L

ASSOCIATION: Lening'ra'd,skiyvin"at‘itut kinoinzhenerow
(Leningrad Institute of Motion Picturs En'g:l.nee_ring)%
SUBMITTED:  October 21, 1959 |

|
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Applicntion of high-spead motion-picture phofography in
studying electric erosion. Usp.nauch,fot, 9:262-26)

Yol | | o (uima 18:11)
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ZINGERMAN, Alekeandr Solomonovich, kend.'tekhn.naﬁk. dotaent .

Thermal theories oa the ela;i&ric erosion of métala. 1zv,
vys.ucheb.s&v.; elektromekh, 3 no.5:87-98 = 160.
o (um 13:7)

1. Zaveduyushchiy lmrodroy elektrotekmiki I-oningrmdnkogo
inati tuta leinoinghansrov,

(Blec tro«!ea )
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PAP, A.M,; VISHHEVSKI! V.M.; ZIIBERM&N A.!a.

Morphology and some tectonic characteristics of the Mi.kaahevichi—-.
Zhitkovichi horst in the crystalline basement of Whitea Russla, |
. DolcL AN BSSR 6 n0.41243-246 Ap. t62, , ~ (HERA 15:4)

1, Institut geologicheskikh nank AN BSSR 1 mm.umtskaya : ‘
geologopoiskovaya partiya Belglavgeologii, Predwtavlano a.kadenﬂ}aom
AN BSSR G.V.Bogomolovym,

(Mikashevichi mgion-—Geology, Stn.ctural)
(zZhitkovichi rxegion--Geohgy, Stmctuml)
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ZINOEHMAN L 8, ‘ ‘ ‘
Roatmtion 0f “the. patqmcy of the. coronary. arter'ius by Heans of

- endarterectomy (review of foreign literatura) Grud. ¥hir, no.5t
123-127 ‘61, E (rRa; 15:2)

1, Iz Instituta grudnoy khimrgii (dir. - prof. S A. Kolesnikov;
nauchnyy rukovoditel' - alad, A - N Bakulev) AMN 8SSR.

(conomnr vnsssns..summ)
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 BAKULEV, A, W,g zmaxm L, s

'l‘echnic of coronary endartemctonv (Experimntal studiy'i Grud. i

khir, no,2:25-28 42, , (Mm 15:4)

1. Iz Inatituta kerdechmo—scaudistoy khirurgii (dir. - iarot.

fMN ASSSKgleanikov, nauclmyy rultovoditel' - aked, A :Bfi_kulev)

(CORDNARY vnsss'm-.summ) .
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ZINGERMAN L S., PETR(BYAN Yu.S., PRONIN V.I. , .
Coronary a.rteriography in axperimental and clinj.cal pmctice.
Grud.khir. 4 n0.6341-45 K-D*€2. (MIRA 16:10)

1. Iz otdeleniya khirurgii sosudov (zav. = dok‘tor mad‘i.tsinsk.ikhé»
nauk Yu. Ye.Berezov) i rentgenovskogo otdeleniyn . (zav, - dotee:nt
M.A.Ivanitskaya) Instituta serdechno-sosudistoy. khirurpis
(dir. prof. S.A.Koleanikov, nauchnyy rukoveditel! - akidemik !
A.N.Bakulev). AMN SSSR. Adres avtorov: Moskva, V49, leninskiy |
prospekt d.8, Institut serdechno-sosudistoy khirurgii AMN 3SSR. .
(unxocmvxoswm) .
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PETR(BIAR YudSe; ZII\X}):.RHAJI, ‘L S.; POKRUV&KIY A.V., AIMHIK!AH P.P.

O it i

Transcutaneous selectivla angiography by the wﬂinger tuch—
nique in the diagnosis t:of cardiovaacular diawses. Vept.kbdr.
90 no.2157-63 F163. ' _ _ (MIRA 16:7)

1. Iz rentgenovakogo otdnlaniya (mv.- dotse t }LA Iva:ni.tskaya)
i ctdeleniya khirurgii posudow {zav. - doktor med. nauk Yu.Ye. 3 :
Berozov) Instituta serdischnowsosudistoy khirirgil (dir, = prof.
§.A.Xolesnikov, nauchnyy rukovoditel! - akademik 'A.N.Balulew) !
AMN SSSR. Adres avtorov: Moskva, Leninskiy priy d.8, Institut
serdechno~gosudistoy kh ) %ii AMN S38R, -l L

(ANGIOGRAPH 4 CARDIA.C CA.THETERIZAT.[DN)
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LINGERMAN, L.S.; KOGAN, BuMe3 KUBII.OVIGH Ya B. - D
‘Experimental data on the. evaluatim of coronarogre.phy. Bkmper. - '
khir. i anest. 8 no.3129-33 My—Je'GB (MTRA 1711) S

1, Iz Instituta serdechnc=sosudistoy khirurgii (dir. - prmf.

S.A. Kolesnikov, nauchnyy Tukovoditel' - ekademik A.N. Bﬂkulev)
AMN SSSR,
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ZIRGERMAN, LuS.j KOGAN, B.M,

T Y i i 37514

Changea in the electrcmcephalography in uoronax'o‘rrap&qr.
Kardiologiia uoe1169-'?2 164, (MI!U& 17:10)

1. Laboratoriya funktaional'noy diagnoatiki (mv.- kand, med, . ;
nauk G,G. Gel'shteyn) 1 rentgencvakoye otdeleniys (zav,- dotsent
M.A. Ivanitskaya) Instituta serdechno-sosudistoy khirm*gii S
(dir.~ prof. S.A, Kolesnikov, nauchnyy rukovoditel's airademik
M,N, Bakulev) AMN SSSR, Moskva, _ ,

11
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BEREZOV, Yu.Ye,, prof.; PETROSYAN, Yu.S.; ZINGERMAN, L.S

“i LU TTE B

Coronary arteriorraph,y ag & metnod of preoperative disgnosis of‘
chronic coronary inaut‘i‘iclency. Khirurgiia 40 no.l: 14A~51 Ja ’6A

- (MIRA 17:11)
1. Otdeleniye khirurgii sosudov (sav, - prof. !{u.Ye. Beresov) 4 .=
rentgenovskoye otdeleriys (zav, - doktor med, neuk ¥.4, Ivanitskaya)
Instituta serdechno-snaudistoy khirurgii (dir. - prof. S.4. Kolesni-
kov, nauchnyy rukoveditel! akademik A.N. Bakulav) AMN SSSR, Moskva, -
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ZINGERMAN, _L.S.; PRONIN, V, I, {Moskva)

B st st R

Coronary endarter:lectolly in chronic coronary ins;zfticie;no
Grud, khir. 6 no, 1:97-‘319 Ja.F '6&. j (MIHA 15;11)

1, Adres avtorov: Mor'va, V.i9 Leninmki 0§ e‘kt don 8
Inatitut serdechno-sosud;stoy l’chimrgii .y d p
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ALEKSANDROVSKIY, G.G., inzh,; ZIMICHEV, Yu.I,, inzh.; ZLNGERMAN, I,I,, ingh, ,'—
Ievice for measuring the eccentricity of steam turbixie"r";%&rs. : f ;

Energomashinostroenie 1i no.4:42-43 Ap '65, - (MIRA 18¢6)
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ZHGERU, M.I., kendued. nauk (Kesharovsr)

Recognition of eruptogenic l'main abscesseg &n i j!"(énvi‘,s‘ é1;”
. . treated
Sri.tz sulfanides and sntiblotics, Vop. neirokh‘i!lz? T no.gr 59
~4g*63 o o (MIPA | 17:2)
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| ZINQERMAN, u.x.,,saAnxn. v.n. (Khabaruvak) ",jéiﬁé J?i: §; | y§§ﬁg

__,.u-.—mmwxw. 7o

Malticemeral eahinacocnosin of thc brain. Vop. nmirokhir. 18 no.h; gf,Affﬁ;n‘
§59~60 J1-Ag '5h, , S (um 7 10) ;o
(BRAIN, diseaser, f o :
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C Rt Etiolog and pathoganau is of Adie syndroms; olinicasl—ahzonax!natrm
amlysis, Zmy, nevr. i psikh. 59 no,l:ll=1? '59, (exEa 1233)

(ADI® SYNIRONZ, case reports, - " .
olin, & chronaximetric aspects (Jm.a))

IR Etar

.1: 71
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ZISGERMAN, M.I.; SHARIN, V.H. (Riabarovak) ,
w""—-—--"——-— .
Olinical aepects and bherspy of arachnitis of the pos'r.erior oranial
fosaa. Vopeneirokhir, 22 no.6:#l F-D 'S8, (HIRA Y2: 2)
(ARACHNOID, dis. ,
arachnitis of posterior cranlal foass fRua))
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Testing samples of hard-magnetic materials éupjecth ‘to pulsed.
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: Zingernan, V. I. Sepetyky, V. N. Yagola, G. K. . . 5‘;;}- o
?5TI"LE Absolute determination of the gyromagnetic ratio of the pro-;
.:ton in strong magnetic fielda Lo L

. SOURCE ~ USSR. Komitet standavtov, mer 1 1zmer1tel'ny*mh priborov.
: Trudy* institutov Komiteta, no. T2, 196), 17-38 fg; | P

TOPIC TAGS gyromagnetic ratic, proton gyromagnetiq racj.o, gyromag-'

:fnetic ratio measurement, nickel sulfate -golutlon

B | ABSTRACT  Apparatus consisting,of an electromagnetl wiLh homogenaoua s
B magnetic field stabilized by proton magnetic reaonamce, a meter for ﬁf_,f -
_; the measurement of the distribublon of the magnetic, ‘fleld, a magnetic
" balance, and apparatus for measuring the current 1ln.the goll of the : &
"i balance have been developed at KhGIMIP. It is claimed that the pro~ ..
”~cedure and the apparatus are bgtter ‘than in similar aquipment develop~
ed by the National Bureau of Standards and the Physicotethnical In-
‘ gtitute of West Germany, and that the error analysis is mare comgre~ . ..
‘hensive. The apparatus was used 4o detarmine the proton gyromagnetic
Card YWD o oo e
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ratio in an aqueous solution of N1804.7Hé0 (oonoentrmblon'O l M)

'Several series of measurements mere made at two valudd of‘magnetlc .
'ductions (approximately 0.24 Wb/m* at fq~ 10 Mos and approximatelyj:

047 Wb/m3, fo.u 20 Nes) yielded for the proton gyromagnetic ratto }h
: without the dianagnetic corraection) a. value Y= 2. 67%05 xi 108 e

‘ﬁi( L/ ) sec™L, with a maximum error of 4 O. 00005 x| 10 (Nb/ha)'l
-1, fhe coils of the magnetic balanoe and the pole pieces of the%

v 8ec .
i‘lelectromagnetic balance and the pole pleces of the eleotromagnetlo':'
“‘were made by A. A. Vetvinskiy, the coil dimensions wgre measured by
I8 |R. V. Dy*bskiy and E. P. Yanushkevich. M. S. Lizogub and ¥Ye. G. . | .
§% i Verbenko participated in the development of the magnétic balance and -
=1Ye." Ye, Bogaty*rev and Ya. A.-Zil'bershteyn particip&ted in the pre--
% paration of the experimental electroniec. apparatue. Ovig. mrt. hasn !
e 8 figures, 10 formulas, and 7 tables. i SR
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YAGOLA, G.K,; ZINGERMAN, 3 SEPETYY, V N.; Prinimali uchaatiye-
o EINGRTY, L ;“Boc,wmz—:v, To.to, , |

Datermining the value of the gyromgnetic ratio of protons. I
Iav, tekh. no.5124=-29 My '62, (MIRA Lf}zu) .
(Prokons) ( Magnetic measuremants)
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. ZINGERMAN, V.I,; SHPETYY, V.N.3 YAGOLA, G.K.

EESTRTREETSIE L

Instrument generator with phage-sensitive vol‘bmetezf for meam:i"i;ng
the stray fields of magnets, Trudy inst,. kom.‘atand. mer i ;I:zm.i prib,
no,67:89-93 162, A o (m.&@.;17=11)

1, Khar‘kovskiy gosﬁdﬁrshvemyy institut mer i izmeritel'nykh ﬁx’"ibérov.
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ZINGERMAN, V,L.; YAGOLA, GK. B C
Interpole ingerts for obtsining uniform magnaﬁi% fielgg' 59.2' g;gtg:gzept
magnets. Trudy inst. Kom, stand, mer i lzm. prid, n0.67394-97. '0<

gotss d B : , 0 (MIRA 17311)
1. Khartkovskiy gosudarstvennyy institut mer i izmeritel'nykn prie .
borov, o . : ;
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| ‘AuTHORS le'bershteyn. Ya. A.; Zingerman, V. L . ;1 5
. memwmlﬂmhummu, s gl ' ‘?>
xtll:rol

| TITLE Nuclear meter of magnet ¢ field mtensxty with autOmatic frequency co
. and miniature probes : : . L ; ;

HE 8251

"_SOURCE~ Ref, zh, Fizika, Abs, BD543

‘REF SOURCE: Tr, in-tov Gos, - kom-ta standartov mer i tzmerit pmborov SSSR.
: ;.1vyp 79(139), 1965, 56-64 : :

"TOPIC TAGS' nmr meter, automa’uc frequency control, mx,mature probe
' *autodyne detector, magaetic field meter/IMP 3 meter R

i {0 , : s
‘ABSTRACT A description is given of an IVIP -3-type NMR magnetlc~held meter
intended for use both as an instrument for checking other NMR meters and as a .
high-accuracy operating instrument. Measurement limits are within 40--128 ka/m :
"and the error is 0,002--0, 004%. The autodyne detector udes a Pound-Knight [
circuit, The frequency band is divided into 5 subbands (1 85—3.8; 3,7=1,8; b=
_16,73 14, 3«30, 4; and 29.7—44,7 mc). Use is made of NMR signals from Hl and
"Li', The mstrument i8 equipped with probea 4 mm in dmmeter either with ori <
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